2006). The alkaline volcanic rocks are mostly observed in northeastern, western, and eastern parts, whereas the plutonic equivalents are seen in central parts in the composition of syenites (Figure 1 ). Buzlukdağ is the best area where these rocks are observed in the Central Anatolia Crystalline Complex (CACC) and the only area where syenites have contact with metamorphic rocks.
The Late Cretaceous igneous rocks of Central Anatolia, Turkey, recorded the magmatic and tectonic evolution of the region during closure of the İzmir-Ankara-Erzincan (İAE) and Inner Tauride (IT) oceans, which constituted the northern branches of the Neotethys Ocean (Şengör and Yılmaz, 1981; Bozkurt and Mittwede, 2001) . Syenites are important indicator for reflecting the changes of the tectonic regime from compressional to extensional and the type of tectonic settings (Channel, 1986) . Their petrographic and geochemical characteristics have significant importance in understanding mantle activities in the subduction zones and also mantle-crust interactions. Previous geochemical and geochronological studies largely concentrated on the calc-alkaline plutonic rocks (Aydın et al., 1998; Tatar and Boztuğ, 1998, 2005; Boztuğ and Arehart, 2007; Boztuğ and Harlavan, 2008; Boztuğ et al., 2009; Köksal et al., 2012; Elitok et al., 2014) . In contrast, there are few comparative studies of the calcalkaline, transitional, and alkaline igneous rocks with very poor data from alkaline rocks (Boztuğ, 1998 (Boztuğ, , 2000 Otlu and Boztuğ, 1998; Tatar, 2003; İlbeyli, 1999 , 2005 İlbeyli et al., 2004 Köksal et al., 2004; Köksal and Göncüoğlu, 2008) and little emphasis on their importance for the tectonic evolution of the region and ore deposition. The Buzlukdağ Intrusive Complex, which is located in the northwestern part of the CACC, is one of largest silicaundersaturated alkaline bodies and includes syenite, felsic and mafic dykes, and enclaves (Tolluoğlu, 1986 (Tolluoğlu, , 1993 Kadıoğlu et al., 2006; Deniz, 2010) (Figure 1 ). The compositional range of rocks present in the complex makes it a good place to study the formation and evolution of the CACC syenitic rocks. The aim of this study is to present a detailed geology map, petrographic investigation of the main lithologies, the relationship between the syenite and dykes, and the mineral and whole-rock major and trace element geochemical characteristics of the Buzlukdağ Intrusive Complex (Deniz, 2010) in order to understand the petrogenesis of the complex, and the comparison with the other alkaline syenitic rocks (İdişdağ, Hayriye, Ömerli, Akçakent, Dumluca, Murmana, Karakeban, Kösedağ, Hasançelebi, Karaçayır, Davulalan, Baranadağ, Bayındır (Hamit), Durmuşlu, Çamsarı) within the CACC.
Geological background
The CACC is the microcontinent that is bounded by the İAE Suture Zone dipping northward beneath the Pontides at the north and the IT Suture Zone with NE-dipping 
Med terranean Sea
Aeagean Sea subduction beneath the CACC at the south (Kadıoğlu et al., 2006) . The magmatism within the CACC is related to the closure of the IT Ocean, which is the southern strand of the northern branch of the Neotethys between the Tauride Anatolide Platform (TAP) and CACC. These magmatisms produce several distinct suites of felsic and mafic igneous rocks, which intruded into the metamorphic basement during the Middle to Late Cretaceous after the obduction of the suprasubduction zone Tethyan ophiolite emplaced southward along the northern edge of the CACC in Turonian-Santonian times and before the final collision in the Middle Eocene (Whitney et al., 2001; Köksal et al., 2004; Tatar and Boztuğ, 2005; Kadıoğlu et al., 2006; Boztuğ et al., 2007b; Boztuğ and Harlavan, 2008) . These suites were classified into different groups according to their different petrological characteristics such as calcalkaline, subalkaline-transitional, and alkaline or S-I-H (M or hybrid-H)-A-type granitoids (Tarhan, 1985; Boztuğ, 1998 Boztuğ, , 2000 İlbeyli, 1999; Tatar, 2003; İlbeyli et al., 2004 ). Calc-alkaline rocks are mainly observed at the outer part whereas alkaline rocks are exposed in the inner part of the CACC (Kadıoğlu et al., 2006) . Alkaline rocks are divided into two groups, namely silica-saturated and silica-undersaturated rocks, based on their mineralogical composition (Otlu and Boztuğ, 1998; Boztuğ, 1998 Boztuğ, , 2000 İlbeyli, 1999; İlbeyli et al., 2004 ). They range in composition from quartz syenite and feldspathoid-bearing syenite to nepheline diorite (Kadıoğlu et al., 2006) . Syenitic intrusive rocks have been reported from the Sivas, Yozgat, Kırşehir, Nevşehir, and Kayseri regions (Otlu and Boztuğ, 1998; Boztuğ, 1998 Boztuğ, , 2000 İlbeyli, 1999 , 2005 Tatar, 2003; İlbeyli et al., 2004 Köksal et al., 2004; Köksal and Göncüoğlu, 2008) . Boztuğ (1998) divided the CACC syenites into eastern and western alkaline associations. Felsic and mafic alkaline rocks from the Sivas-Divriği region (eastern association) are derived from two different magma sources that occur from the partial melting of upper mantle material, whereas the others (western association) are the early fractionation derivatives of the same magma source. Unfortunately, there is no consensus about the origin of the alkaline magmatism in the complex. Early studies suggested that the most likely source of magma was silica-poor and volatile-rich (Lünel and Akıman, 1986) . Bayhan and Tolluoğlu (1987) studied some silicaoversaturated and -undersaturated syenites and claimed that partial melting of different sources was responsible for the formation of these rocks. Bayhan (1988) suggested that distinct magma sources are responsible for the formation of Kaman region syenites rather than a single parental magma. Özkan and Erkan (1994) reported that silica-undersaturated syenites from the Kayseri region and partial melting of the residual magma of I-type granitoids were responsible for the formation of these rocks. Crustal anatexis was suggested for the formation of syenites in the Nevşehir region (Göncüoğlu et al., 1997) , while others considered the lower crust-upper mantle origin for derivation of these rocks Boztuğ, 1998; Otlu and Boztuğ, 1998) . Most authors suggest a postcollisional geodynamic setting for the syenitic rocks (Boztuğ, 1998 (Boztuğ, , 2000 İlbeyli, 1998 , 2005 İlbeyli et al., 2004 Köksal et al., 2004; Köksal and Göncüoğlu, 2008) , whereas Kadıoğlu et al. (2006) prefer a syncollision model.
Field description and petrography

Buzlukdağ syenites
The Buzlukdağ Intrusive Complex is a W-E trending pluton that has intruded into the Paleozoic metamorphics of the Central Anatolian Metamorphic (CAM) Belt (Seymen, 1981; Whitney et al., 2001) (Figure 2a ). These contact rocks are mainly schist, gneiss, and marble in composition. It is mainly composed of foid-bearing syenites with lesser amounts of alkali feldspar syenite, diorite porphyry, and microgabbros. Tolluoğlu (1986) simply mapped the intrusive body and reported that the complex settled into the metamorphics as stocks and dykes, and claimed that the main body is syenite in composition whereas the vein rocks are foid-bearing syenite in composition. In this study, the complex, contact rocks and the surrounding lithologies were mapped in detail (Figure 2a and 2b) . Contrary to Tolluoğlu (1986 Tolluoğlu ( , 1993 , the whole complex was formed from foid-bearing rock associations. In the pluton, foid-bearing syenite, alkali feldspar syenite, diorite porphyry, microgabbro, and enclaves (xenolithic and mafic microgranular) were distinguished. The core of the pluton is a fine-grained foid-bearing syenite. Medium and coarse-grained syenites crop out along the northern and southern edge of the pluton (Figure 2a ). An outer zone of fine crystalline foid-bearing syenite surrounds coarse and medium-grained foid syenite (Figures 2a and 2b ). There is little compositional or mineralogical difference between the zones; they are distinguished largely on the basis of grain size. This magmatic difference may suggest that the syenites intruded as more than one pulse in the region. The modal mineralogical classification diagrams of foid-bearing syenites suggest foid syenite and foid monzo syenite based on Streckeisen (1976 Streckeisen ( , 1979 and leucocratic nepheline syenite on the nepheline-alkali feldsparmafic mineral triangular diagram by Das and Acharya (1996) (Figure 3 ). It is primarily composed of nepheline, orthoclase, plagioclase (oligoclase and andesine), pyroxene (augite, salite, fasaite), biotite, phlogopite, and amphibole (edenite, ferroedenite, and ferropargasite) with sparse garnet (melanite), cancrinite, nosean, sphene, and opaque minerals (Figures 4a-4c) . The fine-grained syenite is extensively altered to illite, smectite, and kaolinite, which are determined by X-ray diffraction (XRD) analyses. Where the outer zones of syenites are in contact with the Paleozoic schists, there is extensive migmatite and contact metamorphism, evidenced by hornfels and marble ( Figure  2 ). The pluton is cut by NE-SW and NW-SE trending normal faults that contain fluorite ± tourmaline mineralization.
Felsic and mafic dykes
A series of felsic and mafic dykes (up to 15 cm thick), parallel to the main fault trends, cut the fine-grained syenite. The felsic dykes are foid-bearing alkali feldspar microsyenites. They are very fine crystalline and nepheline, orthoclase, and plagioclase are the main mineral assemblages. The mafic dykes are dominantly foid diorite porphyry and (Streckeisen, 1976 (Streckeisen, , 1979 Das and Acharya, 1996) (A: alkali feldspar, F: feldspathoid, P: plagioclase; Ne: nepheline, M: mafic minerals). foid gabbro in composition. They are mainly composed of nepheline, plagioclase, pyroxene, ilmenite, and magnetite. They vary in width from 5 to 10 cm.
Enclaves
The Buzlukdağ Intrusive Complex has a minor amount of magma segregation, mafic microgranular and xenolith types of enclaves. Magma segregation enclaves are formed of pyroxene (augite, diopsite) and amphibole (actinolite and tremolite) minerals, which have similar mafic mineral assemblages with host rock ranging from 100 to 1000 µm. Mafic microgranular enclaves are from 0.5 to 2 cm in size and rarely observed within the syenites (Figure 4d ). They are foid diorite and foid monzo diorite in composition and have sharp contact with the host rock. They have an igneous texture and are rich in mafic minerals. These mafic microgranular enclaves represent the mixing and mingling between the felsic and mafic magmas Güleç, 1996, 1999; Yılmaz Şahin and Boztuğ, 2001) . Fine crystalline foid syenites have xenolithic enclaves, which have different mineral compositions and different textural features from the host rock and range from 1 to 15 cm in size (Figures 4e and  4f ). Fine crystalline foid syenites have magmatic texture whereas xenolithic enclaves have a metamorphic texture. They have sharp contact with the host rock.
Geochemistry
Analytical methods
After petrographic investigations, mineral chemistry determinations were carried out from the representative samples using a Cameca 100 Superprobe at the Institut für Mineralogie und Mineralische Rohstoffe Technische Universität Clausthal (Germany). A HR-800 (HORIBAJobinYvon) confocal Raman spectrometer (CRS) was used for identifying the type of pyroxene, mica, and garnet group minerals (Koralay and Kadıoğlu, 2008; Kadıoğlu et al., 2009; Koralay, 2010) . XRD analyses were carried out from altered syenite samples using an Inel Equinox 1000 at the laboratory of the Earth Sciences Application and Research Center (YEBİM) of Ankara University.
Major and trace elements were analyzed in whole-rock samples from syenites and felsic and mafic dykes at the laboratory of YEBİM. The concentrations of these elements were determined by polarized energy dispersive X-ray fluorescence (XRF) spectrometer. The instrumentation and preparation procedures were carried out as described in the literature (Kadıoğlu et al., 2009; Koralay, 2010) . The REEs were analyzed with an inductively coupled plasma mass spectrometer (ICP-MS) at ACME Laboratories in Canada.
Mineral chemistry
The compositions of the feldspar, pyroxene, and amphibole group minerals from the Buzlukdağ Intrusive Complex are given in Tables 1-3 . The K feldspar plots on the orthoclase region and the plagioclase plot on the andesine and oligoclase regions were determined on the albiteorthoclase-anorthite silicate triangular diagram (Deer et al., 1963) (Figure 5a ). Pyroxenes were determined on the core of each crystal and plotted on the salite to fasaite area of the enstatite-wollastonite-ferrosillite triangular diagram (Hess, 1941) (Figure 5b ). Amphiboles have (Ca + Na) ≥ 1.34, Na < 0.67 (fine crystalline foid-bearing syenite), and Ca > 1.34 (coarse crystalline foid-bearing syenite). Amphiboles fall into two different fields in the diagram because they have low and high Mg / (Mg + Fe +2 ) values: edenite/ferro-edenite and pargasite region (Leake, 1978) (Figure 5c ). This is probably related to fractional crystallization. According to the hornblende-plagioclase geothermobarometry of Holland and Blundy (1994) and Anderson (1996) , it was calculated that foid-bearing syenites were emplaced at 732-808 °C and 1.5-3.7 kbar. This corresponds to an emplacement depth of 5.8-14.2 km assuming an average crustal density of 2650 kg/ m 3 . Decreasing the alumina contents of the amphibole minerals may cause decreasing pressures values because of the cation exchange during the alteration of these minerals. The wide range of the calculated pressures from different amphiboles might be because of the chloritization of some amphiboles within the rock units.
As a result of CRS studies, the garnets of the foidbearing syenites are in the composition of andradite ( Figure 6a ). Foid-bearing syenites mostly contain augite and minor diopsite ( Figure 6b ). Mica minerals are mostly phlogopite in composition and the iron content is smaller than 0.33 wt.% (Wang et al., 2002) (Figures 6c and 6d ).
Whole-rock geochemistry
SiO 2 contents of silica-saturated and silica-undersaturated alkaline rocks (especially syenites from the Chinduzi, Mongolowe, Chaone, Chikala, Junguni, Chilwa, Velasco, Diablo, and Davis Mountains, etc.) (Woolley and Jones, 1987; Zozulya and Eby, 2008; Eby, 2011) (Woolley and Jones, 1987) . They have wide ranges of trace element compositions, such as Nb (42-275 ppm), Zr (100-3600 ppm), Y (27-220 ppm), Sr (6-450 ppm), Ba (50-8300 ppm), and Rb (50-350 ppm) (Woolley and Jones, 1987; Zozulya and Eby, 2008; Eby, 2011) .
The major and trace element data from foid-bearing syenites and felsic and mafic dykes are given in Table 4 . SiO 2 contents range from 57 to 66 wt.% (Figure 7 ), even though foid-bearing syenites are richer in Fe 2 O 3 (up to 5 wt.%) than MgO (0.02 to 0.45 wt.%) (Figure 7 ). Comparing (Figure 7 ). These narrow range variations may be related to the proportion of the mafic minerals within the rocks (Figure 7 ). Regarding the mafic mineral proportion, there is a similar relation with the MnO and TiO 2 contents in all the alkaline suites except the Chinduzi, Mongolowe, Chaone, Chikala, and Junguni syenitic rocks ( Figure 7 ). There is a significant negative trend in the Al 2 O 3 against SiO 2 diagram of the Buzlukdağ intrusive rocks and they have higher Al 2 O 3 content (up to 27 wt.%) than the other alkaline suites. Some of the samples from Buzlukdağ syenites show negative trends in Na 2 O with increasing SiO 2 content; on the other hand, the other samples do not have a wide range of Na 2 O content that is compatible with the other alkaline suites (Figure 7 ). The Buzlukdağ alkaline intrusive rocks display a wide range of K 2 O content ( Figure  7 ). The foid-bearing syenites and all the other alkaline plutonic rocks plot in the A-type granitoid field of Whalen et al. (1987) (Figure 8 ) yielding weak alkaline major element compositions (Figure 9a ). In the (Na 2 O+K 2 O-CaO) versus SiO 2 discrimination diagram of Frost et al. (2001) , they are alkali-rich syenites (Figure 9b ), except some of the samples that fall on both field and total Fe-number [FeO/ (total FeO+MgO)] versus SiO 2 discrimination diagrams, plotting on the ferroan field (Frost et al., 2001) (Figure 9c ). In contrast, most of the other alkaline rocks plot on both the ferroan and magnesian fields (Figure 9c) . Some of the samples that plot on the magnesian field result from Mgrich mafic mineral occurrence within these rocks. REE data are given in Table 5 and shown in Figure  10 . The mid-ocean ridge basalt (MORB)-normalized elemental patterns of trace elements reveal enrichment in LILEs with respect to high field-strength elements (HFSEs) (Figure 10a ). Depletions in P and Ti (Figure 10a ) suggest that the magmas are formed in part by fractional crystallization from mafic parental magmas (P fractionates into apatite, Ti into Fe-Ti oxides; Thompson et al., 1984) .
The foid-bearing syenites and felsic and mafic dykes show enrichments in light rare earth elements (LREEs) with respect to heavy rare earth elements (HREEs). Negative Gd anomaly in some samples is related to F content (fluorite mineral) within the rocks (Figure 10b ) (Koç et al., 2003) . On the contrary, negative Eu anomalies in the A-type granitoids and Buzlukdağ syenites do not show negative Eu anomalies. This may be because of postmagmatic redistribution of elements by F and/or CO 2 -rich hydrothermal fluids (Eby, 2006) . Negative Eu anomalies in the A-type granitoids were explained by feldspar fractionation. Silica-undersaturated Buzlukdağ syenites are nepheline normative so feldspars were not the dominant mineral phase.
The major, trace element, and REE chemistries of the felsic and mafic dykes are compatible with the foid-bearing syenites. Trace element and REEs are more enriched in the foid-bearing syenites than in either type of dyke ( Figure  10 ).
Discussion
There are still arguments about the origin and importance of these alkaline rocks as to whether they are derived from crustal thickening by the postcollisional or the crustal thinning related to syncollisional events. Geological mapping and mineralogical, petrographic, mineral, and whole-rock geochemical data indicate the same coeval magma source for foid-bearing syenites and dykes in the genesis of the Buzlukdağ Intrusive Complex. The most important points are the crystallization processes, which modify the composition of magma during solidification, and the origin of the magma sources in the genesis of the silica-undersaturated syenites of the Buzlukdağ Intrusive Complex. All of these will be discussed in this research. Boztuğ (1998) reported fractional crystallization (FC) using whole-rock geochemistry for most of the alkaline, silica-oversaturated, and silica-undersaturated alkaline rocks, which do not include Buzlukdağ pluton. Major and trace element and REE data are used to illustrate the effect of FC on the evolution of the syenites. As seen in Figure 7 , there are not very clear differentiation trends in most of the Harker variation diagrams. Samples from Buzlukdağ syenites show positive trends for Fe 2 O 3 , MnO, TiO 2 , MgO, P 2 O 5 , and CaO whereas Al 2 O 3 concentration has a negative trend against SiO 2 . The concentrations of K 2 O, Na 2 O, and MgO display both negative and positive correlations with increasing silica content.
Fractional crystallization
The low MgO content indicates that they are not primary magma compositions. The magmas from which these rocks are derived are exposed to significant FC within the magma chamber. Na 2 O and K 2 O partially decrease with increased differentiation because of nepheline, K feldspar, and Na-rich plagioclase fractionation. Decrease in Al 2 O 3 content is also related to mineral crystallization. CaO increases with SiO 2 , indicating Na-rich plagioclase fractionation. The increases in Fe 2 O 3 , MgO, and TiO 2 with respect to SiO 2 concentrations indicate that the felsic mineral phases are dominant in the crystallization assemblage during FC of these rocks (Figure 7) .
Trace element patterns are similar. Depletion in Sr and Ba reflect the control of feldspar group minerals (plagioclase and alkali feldspar, respectively). Positive trends in Th represent enrichment of crustal materials with FC. Negative Ti and P anomalies are related to sphene and apatite fractionation, respectively. Negative Y anomaly is related to amphibole fractionation and Hf anomaly probably illustrates the occurrence of sphene (Figure 10 ). 
Assimilation and fractional crystallization
Alkaline magmatic rocks occupy small outcrops in comparison to calc-alkaline magmatic rocks within Central Anatolia. The mineralogical and geochemical features have a significant role in the interpretation of the nature of the magmatic intrusion in the region, so determining the processes that modify the primary composition of alkaline magma is very important. İlbeyli (1999, 2005) reported assimilation combined with fractional crystallization (AFC), which modified the composition of magma during crystallization on the basis of well-defined major and trace element variations from one of the alkaline plutons that consists of both silicaoversaturated and silica-undersaturated rocks.
Trace element variation diagrams for some alkaline plutons from around the world are presented in this study. According to the log Th/Yb-log Ta/Yb diagram (Pearce, 1983) , the Buzlukdağ syenites and other alkaline suites plot upward from the enriched mantle array and follow the AFC trend (Figure 11a ). Buzlukdağ intrusive rocks have higher Th content, which is a subduction-derived element, than other alkaline rocks. Similar relations can be seen in Figure 11b ; all alkaline intrusive rocks form trends that run parallel to the mantle metasomatism array but are displaced towards higher Th/Y and Nb/Y ratios, suggesting that they are either derived from an enriched mantle source, to which a subduction component had been added, or coupled crustal contamination with fractional crystallization, or both.
Source characteristics
A-type granitoids are subaluminous or peralkaline, anhydrous rocks that are formed in anorogenic settings (Eby, 1992 (Eby, , 2006 (Eby, , 2011 . The water content of the magma affects the silica saturation of the products of this magma. Bonin (1987 Bonin ( , 1988 Bonin ( , 1990 suggests the importance of water (H 2 O) efficiency in the magma chamber during the solidification process. Water efficiency affects the silica saturation in alkaline rocks (Bonin, 1987 (Bonin, , 1988 (Bonin, , 1990 ). (Hess, 1941; Deer et al., 1963; Leake, 1978) .
Primary alkaline magmas are derived from water deficiency and low-degree partial melting of the upper mantle source (Bonin, 1988; McKenzie and Bickle, 1988) . During the solidification of these primary magmas within the crust, the water content of wall rocks and the diffusivity of water from these rocks change the composition of the magma chamber and these affect the diversification of alkaline magma. If the wall rocks have high water content, silicaoversaturated alkaline rocks are derived from the magma (Bonin, 1987 (Bonin, , 1988 (Bonin, , 1990 . On the contrary, as mentioned above, the different types and degrees of partial melting of the source material have roles in the genesis of alkaline magma (Wilson, 1989; Rollinson, 1993; Albaréde, 1996) . Buzlukdağ intrusives intruded into the metamorphic rocks that have low water content and because of that silica-oversaturated rocks are not seen at Buzlukdağ. Buzlukdağ is the only area where alkaline intrusives intruded into the metamorphic rocks within the CACC. Having high LILE/HFSE concentrations cannot be explained by only FC, the crustal contamination, or both, so these are also ascribed to the addition of LILE-enriched, Nb-Ta-poor fluid components to the mantle wedge, or primary retaining of Nb-Ta in amphibole relative to other phases in the mantle source (Nelson and Davidson, 1993; Pearce and Parkinson, 1993; Pearce and Peate, 1995; Hawkesworth et al., 1997; Zellmer et al., 2005) . The diagrams of trace element ratios may be useful indicators for defining these processes. Buzlukdağ intrusive rocks and other alkaline plutons do not display only one trend in the SiO 2 versus Ba/Nb diagram (Figure 12a ). All the samples show both FC and crustal contamination trends as in Figure 11 . Trace element ratio diagrams may be more useful because of their behavior during the crystallization processes rather than using Ba, which is more related to the FC process. In Figure 11 , there is involvement of an incompatible element enriched component in the source of all alkaline rocks. These trends suggest either derivation from an enriched mantle source to which a subduction component had been added, or coupled crustal contamination with FC, or both. These kinds of rocks are derived from sources metasomatized by a fluid component, from sources enriched by bulk sediments and partial or bulk melt of subducted sediments (Hawkesworth et al., 1997; Elburg et al., 2002) . In order to define the source of the metasomatism, Th/La versus Ce/Pb, Sr/La versus La/Yb, and Th/Yb versus Ba/La trace element ratio variation diagrams were used. As seen in Figure 12b , there is no trend in the Buzlukdağ intrusive rocks but slab fluid metasomatism was affected by the sources of all alkaline rocks rather than the subduction sediment (Figures 12c  and 12d ). According to all this theoretical and analytical information, the Buzlukdağ Intrusive Complex may be derived from water deficiency in the magma, which was modified with the slab-derived fluids as a result of intruding into low-to medium-grade dehydrated crustal metamorphic rocks. Boztuğ (1998) assessed postcollision uplift to late orogenic trends using major element geotectonic discrimination diagrams and within-plate granitoid geodynamic settings (İlbeyli et al., 2004) for Kırşehir region silica-oversaturated and -undersaturated alkaline plutons. Eby (1992) divided A-type magmatism into two chemical groups. When we plot the Buzlukdağ samples on the Nb-Y-3Ga and Nb-Y-3Th trace element triangular diagrams, all the syenites plot on the A1 field, which were interpreted as differentiates of basalt magma derived from an ocean island basalt (OIB)-like source (Figure 12 ). The other alkaline plutons mainly plot in the same area. A1 is characterized by element ratios similar to OIBs and emplaced during intraplate magmatism, whereas the A2 group was derived from the subcontinental lithosphere or lower crust and emplaced in a postcollisional, postorogenic setting. The presence of a minor amount of quartz and variation of Th/Y versus Nb/Y suggest a slight enrichment of the crustal component within the main intrusive body (Figure 13) .
Tectonic discrimination
The geochemical features of syenites suggest that the foid-bearing syenites are most closely associated with within-plate characteristics, so the Hf-Rb/10-Ta*3 triangular diagram (Figure 14) was used, which allowed distinction of the volcanic arc and within-plate affinity. In this diagram, the Buzlukdağ syenites and the other alkaline plutons plot on the intersection of the volcanic arc and within-plate field (Figure 14 ) (Harris et al., 1986) . According to tectonic discrimination diagrams and the estimated emplacement depth of these rocks, the crustal thinning after the closure of the IT Ocean are the reason for derivation of these rocks rather than the postcollisional setting with crustal thickening in the region.
Geodynamic interpretation
Turkey is an important segment within the AlpineHimalayan orogeny and comprises a number of continental blocks that are divided with suture zones derived from (Harker, 1909) . Data for other alkaline igneous rocks were taken from Fitton and Upton (1987) .
the closure of northern branches of the Neotethys Ocean (Şengör and Yılmaz, 1981) . The closure of the Neotethys Ocean, which started in the Cenomanian-Turonian (95-90 Ma) (Garkunfel, 2004) , was induced from calc-alkaline through alkaline magmatism within the CACC during the Late Cretaceous-Early Paleogene. (Irvine and Baragar, 1971; Scharzer and Rogers, 1974; Frost et al., 2001) . The symbol descriptions are given in Figure 7 .
There is no agreement on the geodynamic model for the evolution of Central Anatolian magmatism; some proposed models have already been explained. According to field observations, mapping, and mineralogical, petrographic, and geochemical data, foid-bearing syenites and the dykes of the Buzlukdağ Intrusive Complex are derived from same magma source with the same FC history under the AFC process. Assimilated crustal contaminant originated from source enrichment, which is associated with the subduction zone and contamination during the ascent through the thinning crust. The type of wall rock may reflect the main reason for the effect of water content in magma and induced derivation of silica-undersaturated rocks. The Buzlukdağ Intrusive Complex is derived from the lithospheric mantle, which is metasomatized by subduction fluids with crustal assimilation. From these results, we can reconstruct a geodynamic model for the evolution of the Buzlukdağ intrusion. No matter how good the U-Pb age data from all types of intrusive rocks from the CACC might be, there are lots of radiometric and K-Ar-Ar ages and some Pb-Pb ages, especially from granitoids (Kadıoğlu et al., 2003 (Kadıoğlu et al., , 2006 Boztuğ and Jonckheere, 2007; Boztuğ et al., 2007a Boztuğ et al., , 2009 ). According to age data from the literature, the calc-alkaline through alkaline magmatism in the CACC ranges from Upper Cretaceous to Lower Tertiary and this time interval, which is compatible with 30-50 Ma as suggested for the collision zone magmatism by Bonin (1990) , is enough for the evolution of collision-related magmatic activity. The probable formation of Buzlukdağ alkaline intrusives can be explained with the illustrated tectonic model in Figures 15a-15d . In the Jurassic, the two oceans were left, which were closed with the İAE and IT suture zones. The CACC was bounded with these suture zones, from which its magmatism originated (Figure 15a ). The magmatism resulted from either a N or NE dipping subduction zone. As suggested by Kadıoğlu et al. (2006) , the magmatism might be related to the NE dipping subduction zone beneath the CACC and consumption of the oceanic lithosphere beneath the IT Basin during the Late Cretaceous. During the closure of the basin, melts of metasomatized upper mantle were injected to the upper crust, which initiated partial melting of calc-alkaline magmas (Kadıoğlu et al., 2003; İlbeyli et al., 2004) (Figure 15b) . Rollback of the subducted plate, which was caused by the underplating of the buoyant continental crust of the Tauride platform, caused extension in the back-arc region (Figure 15c ). The resultant lithospheric mantle upwelling into the thinned back-arc crust resulted in decompressional melting. The Buzlukdağ syenite probably resulted from the mixing of the asthenospheric mantle and subduction zone metasomatism mantle melts at this time, where the Buzlukdağ alkaline intrusives are generated by different (Pearce, 1983) . Straight lines are contours of fixed Th/Nb ratio (AFC: assimilation fractional crystallization). The symbol descriptions are given in Figure 7 . (Harris et al., 1986) . The symbol descriptions are given in Figure 7 . types and degrees of partial melting of the same mantle material and the type of the wall-rock that is assimilated during the ascent of the pluton also modifies the primary composition of the mantle that produced alkaline rocks (Figure 15d ).
